Canine leishmaniasis is an endemic disease in the Mediterranean area caused by the protozoan Leishmania infantum, which usually produces renal failure. Sodium dodecyl sulphate polyacrylamide gel electrophoresis and Western blot using antibodies to IgG and IgA from dogs were carried out in the urine of 22 dogs with leishmaniasis diagnosed by ELISA and confirmed by PCR, and 20 healthy dogs. The results were compared to renal function laboratory tests and to those from a histopathological study of the kidneys from sick animals that died naturally or were euthanized. Five different bands with molecular weights ranging from 10 to 110 kDa were obtained from the electrophoresis of the urine of healthy dogs. 33.5% of total proteins corresponded to low molecular weight proteins and the other proteins had middle and high molecular weights. However, in the group with leishmaniasis, a maximum of 11 different bands with molecular weights ranging from 10 kDa to 150 kDa were displayed in the electrophoresis of the urine. The urine electrophoretic pattern in the sick dogs was classified as mixed (proteins with high and low molecular weights) because low molecular weight proteins made up 57.9% and the rest of the proteins had middle and high molecular weights. In Western blot, none of the healthy dogs showed excretion of IgG and/or IgA, whereas IgG and IgA were detected in the Western blot of urine of 68% and 55% respectively of dogs with leishmaniasis. The results obtained in the leishmaniasis group agreed with glomerular and tubular damage, which were confirmed by the histopathological findings.
INTRODUCTION
Canine leishmaniasis is a major zoonosis parasitic disease, enzootic in the Medi-terranean area, caused by the intracellular protozoan Leishmania infantum [19, 32] . The dog is the main reservoir host of the parasite. Liver damage is not common in 138 C. Zaragoza et al. leishmaniasis [7] but it usually causes chronic renal failure in dogs in our working area (west of Spain), characterized by glomerulonephritis due to immune complex deposition [5] , interstitial nephritis and occasionally amyloidosis [15, 31] . The immune complexes cause a secondary inflammatory reaction [10] and the reduction in the perfusion of the peritubular capillaries leads to tubular and interstitial tissue ischemia [35] . Proteinuria is observed as a result, which can range from moderate to severe according to the evolution of the disease [8] .
It has been demonstrated that the analysis of urinary proteins is very useful in the diagnosis and treatment of kidney diseases. In fact, renal lesions at different kidney locations show typical molecular weight urinary protein patterns [3, 21, 37] . Urinary proteins have been routinely studied by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE), because compared to other techniques, it allows the analysis of different molecular weight proteins and is less time consuming [3] . Furthermore, it is the preferred method in cases of renal pathology when low and high molecular weight proteins are present in urine samples [33, 38] . However, the identification of proteins by electrophoresis according to their molecular sizes is limited to general conclusions about the origin of the proteinuria (glomerular, tubular or both). Conversely, SDS-PAGE followed by Western blot allows the identification of some specific urine proteins, providing more clinical and experimental information [41] about the different forms of renal alteration [16] .
Because the analysis of urinary proteins may help in the characterization of the renal lesions, we determined the molecular weights of the urinary proteins from dogs with leishmaniasis, and the elimination of IgG and IgA. The aim of this study was to describe the urinary electrophoretic pattern in leishmaniasis and to verify the possible correlation between this pattern and the clinical and histopathological observations.
MATERIALS AND METHODS

Animals
Urine samples from 20 healthy dogs used as controls, and from 22 naturally infected dogs with leishmaniasis were studied. The leishmaniasis group included animals of different breeds, sex and age but all were adults taken to the Veterinary Teaching Hospital at Extremadura University (Spain) showing symptomatology compatible with this infection [18] . History, physical examination, and blood and urine tests were carried out, as well as radiological and/or sonographic studies, if necessary, in order to diagnose the renal disease. Leishmaniasis was diagnosed by enzyme-linked immunosorbent assay (ELISA) in serum and confirmed by polymerase chain reaction (PCR) in whole blood. Furthermore, differential diagnosis with infections that cause the same kidney lesions in our working area, such as ehrlichiosis and babesiosis, was performed using ELISA [1, 24] and PCR [2, 13] . The same protocol as that used on leishmaniasis infected dogs was applied to the control group dogs to confirm the absence of this, or any other disease that could affect the results of this study.
Enzyme-linked immunosorbent assay (ELISA)
For the initial diagnosis of leishmaniasis, the ELISA procedure described by Nieto et al. [27] was applied. Briefly, the antigen used for the determinations was obtained from late-log phase cultures of L. infantum promastigotes (M/CAN/ES/ 88/CHUMI, LEM 2002). The ELISA plates (96 wells; Inotech, Dottikon, Switzerland) were coated with the antigen overnight at 4 °C (100 µL per well of a solution of 8 µg/mL) and three washes with PBS-0.05% Tween 20 were performed. The plates were blocked with 5% non-fat dried milk for 30 min at 37 °C and washed three times. Then the plates were incubated for Proteinuria study in canine leishmaniasis 139 30 min at 37 °C with the sera at a dilution of 1/400 in PBS-Tween 20 and washed three times with PBS. Later, they were incubated with 100 µL per well of rabbit anti-dog IgG-peroxidase conjugate (Sigma-Aldrich, Inc., St. Louis, MO, USA) diluted in PBS-Tween 20 at 1/8000 for 30 min at 37 °C. The plates were washed and the enzymatic reaction was developed with o-phenyldiamine (Sigma-Aldrich, Inc., St. Louis, MO, USA). The reaction was stopped 30 min later by addition of 50 µL of 3 N H 2 SO 4 to each well. Finally, absorbance values were read at 490 nm in an automatic micro-ELISA reader (Merck, Darmstadt, Germany).
DNA extraction and polymerase chain reaction (PCR)
DNA was extracted and standardized from each sample in this study using the Blood Spin kit (Mobio, Solana Beach, CA, USA). For the detection of genomic Leishmania DNA, the PCR procedure described by Piarroux et al. [30] was used with minor modifications. This procedure permitted the identification of a highly repetitive 100 bp sequence of L. infantum. Briefly, the final volume for each reaction was 50 µL with reagent concentrations of 0.250 µM for each primer, 10 mM Tris-HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , 250 µM for each deoxynucleoside triphosphate (dNTP: dATP, dCTP, dTTP, dGTP), 1.5 U of Taq DNA polymerase (AmpliTaq Gold, Applied Biosystems, Foster City, CA, USA), and 2 µL of DNA extract of the corresponding sample. Amplifications were performed over 40 cycles in a programmable thermal cycler (Gene Amp PCR System 2400, Perkin-Elmer, Foster City, CA, USA) using the following conditions: denaturing at 94 °C (first cycle 12 min, all further cycles 30 s), annealing at 60 °C (30 s), and extension at 72 °C (30 s), followed by a final extension period (72 °C, 10 min). PCR products, and negative and positive controls, were assessed by electro-phoresis of 6 µL of each product in a 2% agarose gel containing ethidium bromide.
Blood and urine tests
Hematology (leukocytes, erythrocytes and platelet counts, packed cell volume, mean cell volume -MCV, mean cell hemoglobin concentration -MCHC, differential count of leukocytes) and serum biochemistry (blood urea nitrogen, creatinine, calcium, phosphorus, cholesterol, total proteins, albumin) were performed using previously standardized techniques [9] . Urine was obtained by cystocentesis. Part of the urine was sent for culture to exclude urinary tract infection and the rest was centrifuged for 5 min at 20 g. The sediment was examined, and one part of the supernatant was frozen at -80 °C until the electrophoresis and Western blot were carried out. The rest of the supernatant was immediately used to determine the protein concentration by the Lowry method [20] , and that of creatinine, to calculate the urine protein/creatinine ratio (U P/C) [22] .
SDS-PAGE
Urine proteins were fractionated by SDS-PAGE using 10.4% polyacrylamide gels following the procedure described by Laemmli [17] . SDS-PAGE was performed with a Mini Protean II Cell system (Bio-Rad, Hercules, CA, USA). In each electrophoresis a molecular weight marker was included (alpha-lactalbumin: 14.4 kDa, inhibitor of trypsin: 20.1 kDa; carbonic anhydrase: 30 kDa; ovalbumin: 43 kDa; albumin: 67 kDa and phosphorylase b: 94 kDa; Amersham-Pharmacia Biotech, Piscataway, NJ, USA), along with 1 urine sample from a healthy dog and 8 from infected dogs with L. infantum. The amount of proteins loaded was 5 µg per sample. Gels were stained using the Coomassie method and were analyzed in a gel scanner densitometer (Ultroscan XL, Pharmacia LKB Biotechnology Inc., Piscataway, NJ, USA). The graphic representations and molecular weights of the bands for each lane were obtained using the Ultroscan GSX software (Pharmacia LKB Biotechnology, Inc., Piscataway, NJ, USA).
Western blot
Western blot was performed as described previously [25, 40] . In brief, after separation by SDS-PAGE the proteins were transferred to nitrocellulose membranes. The membranes were blocked at 25 °C for 30 min using a blocking solution (10% non-fat dried milk in a PBS-Tween 20 solution: 0.08 M K 2 HPO 4 , 0.02 M KH 2 PO 4 , 0.10 M NaCl and 0.2% (v/v) Tween 20), washed twice for 1 min with PBS-Tween 20, and incubated for 1 h at 25 °C with 0.24 µg/mL of rabbit anti-IgG polyclonal antibody or 0.15 µg/mL of rabbit anti-IgA polyclonal antibody (ICN Biomedicals, Aurora, OH, USA), which specifically recognized target immunoglobulins from dogs. After incubation with the primary antibody, membranes were washed twice for 1 min and once for 10 min with PBS-Tween 20, and incubated at 25 °C for a further 30 min with 0.40 µg/mL of goat anti-rabbit IgG-horseradish peroxidase conjugate (ICN Biomedicals, Aurora, OH, USA). Once incubated with the secondary antibody, membranes were washed once for 1 min and twice for 10 min with PBS-Tween 20. Finally, developing and detection of the bands were carried out by chemiluminiscence [42] .
Histopathological study
Histopathological study was carried out in three dogs (Animals #2, #8 and #20) that were dead or were euthanized at the owner's request. Routine necropsy was performed and the kidneys were removed. The kidneys were fixed in 4% buffered formaldehyde and 2.5% glutaraldehyde in cacodylate buffers. Samples for structural examination were routinely processed for light microscopy and embedded in paraf-fin. Sections (5 µm thick) were stained with hematoxylin-eosin, and PAS. Samples for ultra-thin section analysis were postfixed in osmiun tetroxide (1%) prior to being embedded in epoxy resin. Sections (0.5 µm thick) were stained with Toluidine blue.
Statistical analysis
Means and standard deviations of urine, serum and molecular weight parameters were performed using the statistical software SPSS 2000 (SPSS, Inc., Chicago, IL, USA).
RESULTS
Diagnosis of leishmaniasis by ELISA and confirmation by PCR
Leishmaniasis was diagnosed in a first step by ELISA in serum and confirmed by PCR in whole blood. Serum samples showing optical density values above 0.20 (cut-off value) in the ELISA assay were considered as positive. Optical density values of all the samples used as controls were below the cut-off value, with an optical density average of 0.05 ± 0.03. However, all dogs that showed symptomatology compatible with leishmaniasis gave optical density values higher than 0.20 with an optical density average value of 0.83 ± 0.31.
The leishmaniasis diagnosis was subsequently confirmed by PCR in whole blood. All samples from control animals were negative by gel analysis, in other words, no false negatives were obtained in dogs where leishmaniasis had been ruled out by ELISA. Conversely, PCR analysis allowed the constant identification of a 100 bp sequence of L. infantum in all the dogs previously found to be positive by ELISA.
Moreover, to verify the absence of other diseases that could affect the results of this study we also performed, in both sick and healthy dogs, ELISA and PCR analysis to rule out ehrlichiosis and/or babesiosis as concomitant infections. Both control and leishmaniasis dogs were negative to these diseases by both procedures.
SDS-PAGE
The SDS-PAGE electrophoretic patterns of urine from control dogs are shown in Figure 1 . These patterns were mainly characterized by two bands observed in practically all the animals, and located in the molecular weight ranges of 100-110 kDa and 70-80 kDa (Fig. 1 , Tab. I). A third band within the range of 10-20 kDa was observed in 50% of the animals (Fig. 1 , Tab. I) and finally, in some urines two bands of low molecular weight located in the range of 20-40 kDa were also observed ( Fig. 1 , Tab. I). 33.5% of the urine proteins had low molecular weights, and the rest of them were of middle and high molecular weight. These electrophoretic results correlated well with the low average U P/C ratio (0.5 ± 0.2) found in the urine. Proteinuria in the group of dogs with leishmaniasis was greater than in the control group as indicated by its average U P/C ratio (5.4 ± 6.9). This fact was clearly shown in the urine electrophoretic patterns (Fig. 2) . Eleven different bands were obtained (Fig. 2B) compared to a maximum of five bands obtained in the urine of healthy dogs (Fig. 1B) . Notably, bands in the range of 30-80 kDa were observed in the 22 dogs with leishmaniasis ( Fig. 2A , Tab. II). Bands in the ranges of 10-20 kDa and 20-30 kDa were also observed, but only in 21 of them ( Fig. 2A, Tab. II) . Although the appearance of bands in the high molecular weight range (80-150 kDa) decreased significantly (Tab. I), the band located at 100-110 kDa was observed in a large number of dogs (Tab. II), and new bands in the ranges of 110-120 kDa and 130-150 kDa were visualized in six animals (Tab. II). Finally, low molecular weight proteins represented 57.9% in the group with leishmaniasis and the rest of the proteins had middle and high molecular weights.
Western blot
In order to test the loss of immunoglobulins in urine we carried out a Western blot assay using commercially available antibodies to dog IgG or to dog IgA. Both IgG and IgA antibodies non-specifically recognized two proteins of the molecular weight marker, i.e. carbonic anhydrase (30 kDa) and albumin (67 kDa), and one protein of about 70 kDa present in the samples from healthy and sick dogs ( Figs. 3 and 4) .
With respect to the specific signals, none of the healthy dogs showed excretion of IgG and/or IgA according to the Western blot results (Fig. 3 ). Conversely, we found two very intense bands in 15 (68%) of the dogs with leishmaniasis when an anti-IgG antibody was used (Fig. 4A , Tab. III). Moreover, these animals also showed the largest number of symptoms recorded in the sick dog group (Tab. III). The high molecular weight band (43.8 ± 1.5 kDa) might correspond to IgG heavy chains ( Fig. 4A ), whose molecular size has been estimated around 45 kDa [29] . The second band, which presented a lower molecular weight (26.1 ± 1.6 kDa), might correspond to light chains of IgG (Fig. 4A ) that has been described to possess a molecular weight around 25 kDa [29] . Finally, we found that the band related with the heavy chain of immunoglobulins was detected in three dogs without its complementary light chain (Fig. 4A) , so it could correspond to either a non-specific or a non-complete recognition of the antibody.
On the contrary, when an anti-IgA antibody was used, two bands were observed in 12 (55%) of the sick dogs ( Fig. 4B) . Interestingly, all of them also previously showed IgG in their urine (Tab. III). The high molecular weight band (43.8 ± 1.5 kDa) might correspond to heavy chains of IgA (Fig. 4B) , while the other band, which was situated in the range of 20-30 kDa (26.1 ± 1.6 kDa), might relate to light chains of IgA (Fig. 4B ). In two dogs only the band of molecular weight related to light chains of immunoglobulins ( Fig. 4B ) was observed. In a similar way to that in the IgG antibody, these signals could correspond to either a non-specific or a non-complete recognition of the antibody.
The Western blot findings suggest that leishmaniasis can cause severe renal damage, which would explain the presence of IgG and IgA in the urine of sick dogs. Histopathological studies were performed to confirm this possibility.
Histopathological study
Animal #2 displayed alterations mainly in the cortical area. The proliferative changes included glomerular hypercellularity, development and proliferation of endothelial cells, and an increase in mesangial cell numbers (Fig. 5A) . A cellular infiltrate made up of lymphocytes, plasmatic cells, and macrophages, was found in the renal interstitium. The tubules displayed degenerative changes that were more intense when the interstitial nephritis was greater. Vacuolar and hydropic degeneration was visible in many tubules with destruction of the tubular cells, and tubular atrophy due to compression of the mononuclear infiltrate (Fig. 5B) . The lesion agreed with mesangioproliferative glomerulonephritis and interstitial nephritis. Animal #8 displayed many cystic dilatations at the cortical level that affected renal corpuscles and tubules. Our findings included many atrophic glomeruli and areas of calcification in the parietal face of the Bowman capsule, as well as in the basement membrane of the tubules (Fig. 5C ). Calcification areas were also occasionally visualized at the medullar level, and a cellular infiltrate constituted mainly of plasmatic cells, lymphocytes and macrophages was found (Fig. 5D ). The injury corresponded to a chronic sclerotic glomerulonephritis and interstitial nephritis.
Animal #20 (Fig. 5E ) presented alterations mainly in the cortical area. The kidneys showed some atrophic glomeruli and others with areas of hyalinisation and fibrosis. Most of the tubules displayed degenerative changes and some erythrocytes were observed in their lights, as well as a substance of proteic nature that was also identified in the medullar tubules. Renal interstitium showed a cellular infiltrate constituted mainly of lymphocytes and plasmatic cells with destruction and necrosis of the tubular system. The lesion agreed with chronic sclerotic glomerulonephritis and interstitial nephritis.
DISCUSSION
Using SDS-PAGE, Schultze and Jensen [34] carried out a study in the urine of clinically healthy dogs without proteinuria. In that study, they described three well-differentiated bands with molecular weights ranging from 65 kDa to 100 kDa. Our results in the control group were in accordance with those of these authors, since the highest molecular weight proteins detected in the control dogs were restricted to the 100-110 kDa range.
The electrophoretic pattern of the urine of dogs with leishmaniasis was very homogeneous, and rather different to that of the control group. In fact, in the urine of each sick dog, several bands were found, which were absent in the control group. Specifically, bands in the ranges of 40-60 kDa, 80-90 kDa and 110-150 kDa were only displayed in the sick dogs (Tab. I).
In six dogs with leishmaniasis, bands in the highest molecular weight ranges described in this study (110-150 kDa) were visualized (Tab. II). Five of these animals also showed IgG and/or IgA in the urine as well as very severe clinic manifestations (Tab. III) and laboratory abnormalities (Tab. IV). The remaining dog (Animal #10) displayed slight hyperphosphatemia as the only apparent abnormality (Tab. IV). Therefore, excretion of higher molecular weight proteins was in accordance with Western blot findings and laboratory data.
In a previous study performed on the urine of people suffering from visceral leishmaniasis by De Colmenares et al. [6] , two fractions of Leishmania antigens of 72-75 kDa and 123 kDa were detected by immunoblot analysis. In our study, we did not develop immunoblotting studies using specific antibodies to Leishmania proteins. Therefore, we cannot discard that some of the bands found in our electrophoretic study can be an antigenic protein of the parasite. However, none of the two antigenic proteins described by De Colmenares et al. [6] seems to be equivalent to the bands detected in this study. First, we did not detect any band with a molecular weight around 123 kDa that could be equivalent to the higher molecular weight band previously published [6] . Second, the band found in our study in the range of 70-80 kDa could be equivalent to the band with a lower molecular weight described by De Colmenares et al. of 72-75 kDa. However, this band was observed in all sick dogs as well as in 95% of the healthy dogs (Tab. I). This result did not allow us to affirm or discard this band as an antigenic fraction of the parasite, although its presence in Leishmania negative healthy-dogs possibly might discard this hypothesis. Further studies are needed to clarify the presence of Leishmania antigens in the urine of dogs infected by this microorganism.
Because severe nephropathies usually involve the loss of immunoglobulins in urine [12, 22] , Western blot was carried out to confirm the excretion of immunoglobulins and the renal lesion. One protein around 70 kDa was recognized by both IgG and IgA antibodies in the urine from healthy and sick dogs ( Figs. 3 and 4 ). This band could correspond to a non-specific recognition of albumin, whose molecular weight has been estimated around 69 kDa [11] and can constitute from 40% to 60% of the normal urinary proteins in dogs [12] .
In the group with leishmaniasis, IgG was detected in 15 dogs (Fig. 4A , Tab. III) whereas IgA was found exclusively in 12 of the cases that previously displayed IgG (Fig. 4B , Tab. III). Using Western blot, Kohanteb et al. [14] in 1987 performed a study of the urine of patients with leishmaniasis, in which they described the presence of mainly IgG, and to a lesser degree IgA. Similarly to our study, Kohanteb et al. [14] found IgA exclusively in samples in which IgG was also found. In the present study, 13/15 dogs that showed IgG displayed signs of renal failure that would explain the passage of this immunoglobulin across the glomerular filtration barrier. The remaining two dogs showed the highest U P/C ratios in the dogs with leishmaniasis and without renal failure. Using a specific antibody, IgA was observed in 12 dogs (Fig. 4B , Tab. III). The bands were much less intense and were observed in a lower number of animals than in the case of IgG. It must be taken into account that IgA is found in a lower concentration in the serum and has a higher molecular weight than IgG [39] . These facts could cause a lower IgA renal excretion although severe glomerular damage is present. Finally, no significant difference was observed in the clinical manifestations of the dogs showing the two types of immunoglobulins in urine compared to the dogs displaying only IgG (Tab. III).
Histopathological findings in the three analyzed dogs (Animals #2, #8 and #20) were in accordance with those described by various authors in cases of leishmaniasis [8, 15, 23, 26, 31, 36] , and corresponded to glomerulonephritis and interstitial nephritis ( Fig. 5 ). Furthermore, the three dogs displayed symptoms (Tab. III) and laboratory signs of renal failure, although their U P/C ratios (Tab. V) were lower than the average U P/C ratio in this group (5.4 ± 6.9). A decreased glomerular filtration rate along with the deterioration of renal function can reduce renal protein losses, resulting in declining U P/C ratios [4, 12] . The three dogs also excreted IgG and IgA in the urine but there were no bands with molecular weights, higher than 110 kDa (Tab. III). We conclude that the urine electrophoresis from dogs with leishmaniasis displays a mixed proteic pattern with low and high molecular weight proteins [9, 22, 28, 34] . This pattern is in accordance with the glomerular and tubular damage [22, 34] , as confirmed by the histopathological results. Proteins with low molecular weights constituted 57.9%, and the rest was composed of medium or high molecular weight proteins. In the control group, the percentage of low molecular weight proteins was only 33.5%. In the Western blot, none of the healthy dogs showed excretion of IgG and/ or IgA, whereas the results from the sick dogs clearly showed that severe glomerular damage existed since the percentage of dogs excreting immunoglobulins was very high (68% for IgG and 55% for IgA). 
